Using longitudinal data from the Ukraine we examine the extent of any long-lasting effects of radiation exposure from the Chernobyl disaster on the health and labour market performance of the adult workforce. The variation in the level of radiation exposure from the Chernobyl accident is considered as a potential instrument to try to establish the causal impact of poor health on labour force participation, hours worked and wages. There appears to be a significant positive association between local area-level radiation dosage and self-reported poor health status, though much weaker associations between local area-level dosage and other specific health conditions. Any effects on negative health perceptions appear to be stronger among women and older individuals. 
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On 26 th April 1986, engineers at the Chernobyl nuclear power plant in the Ukraine began a series of tests on one of the nuclear reactors that were to lead to the world's worst civil nuclear disaster.
While much has been written, and argued, about the medical and physical consequences of Chernobyl 1 , little has been written about the social and economic consequences of the disaster despite recent urgings along this line from the United Nations, (UNDP 2002) . Health is often considered to be an important determinant of labour market outcomes, such as wages, hours of work and employment, Currie and Madrian (1999) . There is a growing literature concerned with the long-term and long lasting consequences of health shocks in the developing world, summarised in Maccini and Yang (2008) , where shocks can have long-lasting effects on both health and on other economic outcomes that affect long-run economic performance. In a transition economy such as the Ukraine, understanding the link between health and economic performance and establishing an appropriate policy response is important when budgets are tight and institutional mechanisms are still evolving. It may be that the Ukraine's transition path was altered by the diversion of resources away from education, health and investment programmes in order to deal with the consequences of the disaster. Equally subsequent performance of individuals may have been impaired directly in some way by the disaster. Investigating the relationship between health and economic performance then helps illuminate the costs of this accident.
In what follows, we examine the relationship between this exposure and subsequent health and economic performance using longitudinal data emanating from the Ukraine. Since radiation fallout was rather randomly distributed across the Ukraine, given the prevailing wind patterns, we treat radiation exposure as an exogenous shock and first look to see whether there is any association between the level of radiation dosage in the local area of residence at the time of the disaster and a variety of self-reported health measures some seventeen years or more after the event.
There is a large literature on health and labour market performance, (see the references in Lleras-Muney (2005) , Currie and Madrian (1999) , Strauss and Thomas (1998) , Kahn (1998) therein). There is also a growing literature on child health and later performance, garnered mainly from the industrialised West, see for example Case, Fertig and Paxson (2004) , Currie, Shields and Wheatley-Price (2004) . Much of the literature is concerned with the difficulty of establishing a causal link between health and performance. Better health may allow better quality of education and productivity at work. Equally, better education may facilitate better health. As such OLS estimation of the effects of poor health on economic performance would tend to be biased down if there is a negative correlation between unobservables that determine work and poor health. 2 In addition, given possible influences of genetic or parental background on both health and performance then it is essential to try and control for these influences when trying to establish a causal link. Access to longitudinal data can also facilitate identification of any causal examination of the effects of early health-related incidence on later socio-economic achievement. The Ukraine is fortunate in this regard since there is a panel data set, the Ukrainian Longitudinal Monitor Survey (ULMS), which has self-reported health and socio-economic data for a representative sample of individuals at, currently, three points in time, 2003, 2004 and 2007. 3 Strauss and Thomas (1998) suggest that local environmental conditions can act as a potential instrument for health, since conditional on health, individual productivity and performance should not be affected by environmental conditions. In this way, Almond (2006) exploits the 1918 influenza epidemic to examine long run consequences for educational attainment and labour market performance. Meng and Xiang (2006) use regional level variation in the 1959-61 Great Famine in China as an exogenous shock to identify health effects on individual economic performance. Miguel & Roland (2006) look at how variation in area-level bombing in the Vietnam war, using distance from the 17 th parallel as an instrument for the intensity of bombing, affected area-level consumption, literacy and economic performance thirty years on. Maccini and Yang (2008) look at the consequences of geographical variation in earlylife rainfall on the subsequent health and educational attainment of Indonesian birth cohorts.
In this context, the Chernobyl disaster generated a potentially negative exogenous shock to the health of those exposed to the radioactive fallout. Moreover, the dispersal of the fallout was such that different groups of the population were exposed to different levels of radiation that varied by geography, population density and age. This exogenous variation could then be used to identify health effects on individual economic performance. Indeed, Almond, Edlund and Palme (2007) use regional variation in radiation dosage across Sweden to look at the association between educational attainment at age 18 and differential exposure to the Chernobyl fallout of those who were in utero at the time of the accident. Our study looks for evidence of radiation induced effects in the country at the source of the accident, where arguably awareness and the environmental legacy were most profound. To this day a large part of the Ukrainian population seems traumatized by this event. 4 We focus on the health impact of the population of working age.
One advantage of our approach is that we are given information on an individual's settlement of residence in the Ukraine around the time of the accident it is therefore possible to assign a settlement-level radiation dosage to establish the association between this dosage and the subsequent health of the adult workforce. This could also potentially provide an instrument to identify the causal impact of health on labour market performance across age groups or different sub-groups of the population. The first step then is to establish whether there is a link between 4 The data used in this study show that in 2003 58 percent of the adults in the sample believed that their health or that of a family member had been affected by Chernobyl.
local area level radiation dose received and the list of illnesses recorded in the ULMS. The second step is to see whether radiation dose itself is correlated with other observable socioeconomic outcomes over the next twenty years other than through any health effects. Finally we can begin to try to assess the impact of health on a range of labour market and income generating outcomes that are important in the Ukraine.
Our results show that there is a significant positive correlation between residence in radiation affect areas and self-assessed poor health. Adults living in areas considered to have received sufficiently high radiation fallout as to be continually monitored are up to 10 percentage points more likely to report being in poor health. However, there is a less obvious manifestation of such an effect on a variety specific self-reported health conditions. This suggests that the main long-term effect of Chernobyl for the majority of the current adult population may be working through perceptions. Moreover the establishment of monitoring zones appears to have had an exogenous effect on health perceptions so that this could be used to identify the effect of selfreported poor health on the probability of employment, wages or other activities that generate income and/or subsistence for the Ukrainian population. Our paper has the following structure.
Section 2 outlines the methodology used in this study along with details of the Chernobyl accident. Section 3 describes the data, while Section 4 discusses the results that while OLS estimates of the effect of poor health on the probability of working, the likelihood of home production of foodstuffs, of informal working, hours worked and on wages are all negative, the IV estimates of the causal effect of poor health do not show any significant difference from the OLS estimates. A final section concludes.
Methodology
The essential idea is that differences in health across the population are expected to cause differences in the labour market outcomes of interest. In what follows, exposure to radiation from Chernobyl constitutes a "treatment". The treatment depends partly on the distance from the reactor -though not monotonically since there are several radiation "hotspots" at varying distances from the reactor caused by changes in the wind direction, differential rainfall levels and local topography across areas. In practice, the proxy for this treatment that we focus on is based on the local area radiation level exceeding a specific threshold. The treatment level may also depend on the individual's age at the time of the accident. For example, children who were 0-4 years old at the time of the accident have been particularly vulnerable to thyroid cancer from exposure to radioactive iodine. Indeed the rising incidence of thyroid cancer amongst children has been one of the main demonstrated health impacts of Chernobyl (WHO 2006) .
There is a common perception that increased radiation may have adverse effects on health. UNDP (2002) shows that the range of radiation related illnesses is not restricted to cancers. Reports of lung diseases (bronchitis, emphysema), digestive and blood disorders, birth defects, immune deficiencies, fertility problems are all reported to be correlated with exposure to the irradiated areas, (see also Greenpeace 2006). Moreover, exposure to Chernobyl induced radiation can be chronic for many due to continued internal irradiation from consumption of contaminated foodstuffs, leakage of radio-nuclides into ground water from the "graveyards" used to store intermediate waste immediately after the disaster, but unmarked and untreated subsequently. In short, continued exposure to radiation and the long latency period of many of these illnesses suggest the potential existence of long-term "at-risk" populations in the affected areas.
Any study that tries to identify the effects of Chernobyl by comparing groups exposed to more radioactivity than others has to address possible confounding issues. we control for a variety of exclusion restrictions, individual and area characteristics in an effort to minimise these confounding effects. The use of longitudinal data may also allow us to control for unobservable effects that could otherwise bias the estimation process.
Measuring Fallout
Radiation fallout from Chernobyl has been measured mainly (Ministry of Emergencies of Ukraine 2006) by the presence of the two radioactive isotopes of most concern to the monitoring authorities -radioiodine ( 131 I ) and radiocaesium-137 ( 137 C ). Young children were thought to be particularly at risk of thyroid problems following exposure to 131 I found initially in the air and then in contaminated milk . However since it has a half-life of only 8 days the population at risk is likely to vary from that exposed to 137 C , which has a half-live of around 30 years and as such carries a more persistent legacy. Consequently, this is the radiation measure that we use in our analysis. Background levels of 137 C before the accident, principally the legacy of nuclear weapons testing after the Second World War, were estimated at 2 kilo Becquerel (kBq/m 3 ).
While almost all areas of the Ukraine received radiation doses in excess of levels observed before the accident, (see Table A1 for the ULMS sample estimates), exposure levels to 137 C in excess of 1480 kBq/m 3 were subject to immediate evacuation. Following the accident, wind direction, wind speed, local rainfall, the degree of forestation, urbanisation and topography all contributed to the variation in fallout as document by the pattern of 137 C deposits in Figure 1 . This pattern of dispersal was rather random, making it less likely that radiation was concentrated in areas of worse employment prospects. If anything, the fact that the majority of the affected areas are in the vicinity of Kiev would suggest the opposite. Nevertheless, exposure to fallout is rather more random than a simple measure of distance from Chernobyl would suggest, (Figure 2 ).
Some 50000 individuals living in areas with radiation greater than 1480 kBq/m 3 were evacuated within a month of the accident. The majority of evacuees were sent to Kiev, Zhitomir and Chernigov, areas which themselves had received lower, but non-negligible radiation doses.
Individuals resident in other "highly contaminated territories" -those that received between 555
and 1480 kBq/m 3 -were not moved to purpose built towns such as Slavutich until after 1986 (IAEA 2006) , which because of the pattern of disposition were again also contaminated by (lower but significant levels of ) fallout from Chernobyl. These persons and areas were eligible for government assistance. However, any exposure in excess of 37 kBq/m 3 was considered to be high and areas of contamination that received such dosages were subject to monitoring by the Soviet Authorities and continued to be so by the Ukrainian successor governments (European Commission 1998).
All intervention schemes were targeted at the estimated 800,000 adults "liquidators" -often military conscripts -who were involved in the clean-up process close to the Chernobyl plant workers, along with evacuees from the 30km exclusion zone, those living in highly contaminated areas and any children of these adult populations. The liquidators were the group estimated to be exposed to the highest radiation dosages, followed by the inhabitants of the 30km exclusion zone, (IAEA 2006) . Since 1986 it has become apparent that radiation dosages have fluctuated both across and within these areas over time because of differences in topography or climate. 5 As a result some areas where the initial dosage was relatively light have received larger cumulative dosages than areas where the initial exposure was relatively high. Its particular concentration in forested areas has consequences for those consuming mushrooms, berries and game taken from contaminated areas. Potential health risks over and above background radiation from direct exposure to the radiation cloud include continued inhalation/consumption of contaminated particles/foodstuffs, consumption of forest food and time spent outdoors. In short, continued exposure to radiation and the long latency period of many of these illnesses suggest the existence of long-term "at-risk" populations. Our measure of radiation might be thought of as a combination of these acute and chronic effects.
Data
We and examiner their circumstances conditional on the radiation dose received around the town in which they were living at the time of the accident. Since the young and those in the womb appear to be more vulnerable to radiation exposure (Almond et al (2007) , we can interact the dosage with age at the time of the accident. We can, in principle, identify those who were in utero at the time of the accident, but the sample size for this group is small (144 and just 11 in the monitored raions) and the set of labour market related potential outcomes that can be measured is limited
given that none of these children will have graduated from high school by 2003. Instead we generate a dummy variable to indicate whether the individual was a child (under 13) at the time of the accident and interact this with the dummy variable for residence in the affected areas.
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Since we only have information from December 1986, we miss sampling the area of residence of the 50,000 or so residents who were living within 30km of the plant who were evacuated before the end of 1986. Place of residence in the Soviet Union was strictly controlled and as such it is unlikely that many individuals could have moved without permission from the authorities. Nevertheless, the behaviour of the group subject to evacuation and subsequent attempts at compensation, may be different from those not evacuated, it is important that we can isolate the two groups in our data set. For example, it is known that special treatment was given to both evacuees and liquidators including extra schooling, additional health care checks and assisted holidays, (Ministry Of Ukraine of Emergencies 2006) which may affect subsequent outcomes of interest. The 2003 ULMS does contain information that should allow us to identify anyone who was evacuated because of Chernobyl and the date at which they moved. Similarly we can also identify the liquidators, for whom area of residence at the time of Chernobyl is less important than the radiation dose they received as a consequence of the clean-up operations.
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Because of these concerns we exclude those in the sample known to have been on military service, liquidators or those who were evacuated immediately. The data is however subject to any survivor bias that may be caused by early deaths in the contaminated zones.
12 Table 1 documents the dispersion of estimated dosages. Most (66%) individuals in the sample were living in areas that received an (immediate) dose of less than 10 kBq/m 3 of 137 C.
Just over 4% of the sample was resident in areas that exceeded the 37kBq/m 3 monitoring threshold and 8% were resident in the monitor zones. Around 22% of adults in the sample and some 16% of the working age adults say that they are in poor health. These estimates are rather high compared to those from the industrialised West. 13 Some 38% of adults are engaged in the home production of foodstuffs. A much smaller proportion, around 3% work in the informal sector.
The labour market related data contained in the ULMS allow us to observe whether an individual is in employment, the number of weekly hours worked, the log of monthly wages and whether the individual is engaged in growing foodstuff for consumption.
14 Mean values of these and the other covariates used in the analysis are given in Table A1 of the appendix. Around 60% of the prime age adult sample is in work and working, on average, some 41 hours a week. Around 38% of the working age sample are engaged in production of own foodstuffs, indicative of the 11 Given the nature of the Soviet Union, it is highly unlikely that any other members of the population could have moved or were allowed to move at this time. 12 The median tenth and ninetieth percentiles of the age distribution are not statistically significantly different across the two zones. Attrition from the panel does not appear to be associated significantly with residence in the contaminated zone. See Table A5 for estimates of the observable determinants of attrition from the sample. 13 The 2007 Health Survey for England suggests equivalent percentages of 7.3% and 5.1% respectively. The 2003 US National Health Interview Survey gives equivalent estimates of 3% and 2% respectively. 14 We make no attempt to control for the effect of wage arrears on monthly wages. There is no evidence from our data that living in the contaminated zone is correlated with the 12% incidence of wage arrears among those in work.
legacy of the transition economy on individual activity. Some 0.8% of the sample of adults in 2003 can be identified as liquidators and 0.6% of the sample class themselves as evacuees. Table 2 shows the results of the first stage of the estimation process, examining whether there is a link between self-reported poor health and Chernobyl-related radiation exposure. Linear probability models are used despite the binary nature of the dependent variable, following Angrist (2000). 16 The set of controls include a quadratic in age, dummies for educational attainment of the individual and their parents, controls for gender, ethnicity and religion. 18 If we use the actual dosage variable, then the estimated effect is also positive but less significant than the estimates using the dummy variables. Estimates available on request. 19 The full set of estimates are given in Table A4 in the appendix. 20 See Table A5 in the appendix for the estimates split by gender. This is consistent with the literature that finds larger effects of other health shocks for women, (Maccini and Yang (2008) . Results for other sample splits available on request. The addition of an interaction term with the contaminated zone and age removes the significant effect of the contaminated dummy and the interaction is also insignificant. Table 3 replaces the self-reported poor health dependent variable used in Table 2 with other health conditions identifiable in the ULMS data set, using the same set of controls as in This suggests any effect of the Chernobyl radiation fallout is currently manifesting itself through health perceptions of the majority of working age adults rather than through any other demonstrable health outcomes.
Results
If we are to use radiation exposure as in instrument for health in an employment or wage equation, it is helpful to try to establish that health is the main effect through which radiation exposure would affect labour supply or wages, since it could conceivably affect other variables known to be associated with labour market performance such as fertility, marital status or education. Any correlation between the intended instrument and these other potential explanatory factors may compromise the validity of the identification exercise. To this end, Table   4 presents the estimated effects of residence in the contaminated zone in 1986 on educational attainment, number of children and marital status. There is no evidence that residence in the contaminated zone is associated significantly with any of these known correlates of the probability of work. This suggests that the main channel through which radiation contamination is influencing behaviour is through its effect on the health perception of the working age population. It would seem then that the best candidate variable to be instrumented by radiationrelated variables is the poor health status. Table 5 presents the results of some reduced form estimates of the effect of radiation dose on employment, wages, hours of work, and the probabilities of being in informal work or of growing agricultural produce at home. While the point estimates of residence in the contaminated zone are generally of the expected sign, in the same direction as those for poor health in Table 4 , the estimates are not always significant. There do appear to be statistically estimated effects of residence in the contaminated zone on hours of work. Residents in these areas work around two hours less than others. However the standard errors around this point estimate are large enough to incorporate the OLS estimates.
22 Table 6 presents OLS and IV estimates of the effect of this variable in equations explaining the determinants of seven important labour market performance measures; the incidence of employment, the number of hours worked the incidence of informal working, the incidence of self-production of agricultural foodstuffs and the log of monthly wages for the sample of prime age adults in 2003. The OLS estimates suggest that, with the exception of informal work, poor health status is a negative and significant determinant of these outcomes.
The point estimate for the probability of work suggests that those who are in poor health are some twenty-one points less likely to be in work other things equal. 23 When we instrument using the monitor zone dummy variable, while the instruments are significant in the first stage regression, as shown in Table 4 , and above the Stock Yogo threshold for weak instruments 24 , the second stage IV estimates are in the main poorly determined. The Pagan-Hall tests for heteroskedasticity are all significant, so we apply the robust correction to the IV/2SLS estimator. 25 However the IV estimates of the effect of bad health are either insignificant or significant with confidence intervals around the estimates large enough to incorporate the OLS estimates.
26
When the data is pooled over 2003 & 2004 the pooled OLS estimates again suggest a negative association between poor health and labour market performance. The random effects estimates tend to raise the size of the estimated effect, consistent with the idea that unobserved heterogeneity biases down the estimated OLS effects of poor health. However when the poor health variable is instrumented using random effects IV, the poor health variable is insignificant 22 The results for the sample of women prime age adults are given in Table A7 of the appendix. In general they are much better determined than the estimates for men. 23 The point estimate on self-reported poor health is the largest and most statistically significant of all the OLS estimates on all the other health variables outlined in Table 4 , if entered separately in the employment equation. 24 Note that these thresholds are not robust to the presence of heteroskedasticity, Baum, C., Schaffer, M. and Stillman, S, (2007) and so should be used with appropriate caution. 25 When the model is just identified, as here, 2SLS is equivalent to IV/GMM. 26 The OLS (and IV) estimates of the effect of health are not affected by the removal of evacuees and liquidators from the sample. This suggests that the possible confounding effects of interventions by the authorities on the relative labour market performance of the populations most exposed to radioactivity are small. The results do not change much if the treatment and control samples are resticted to those falling in the area of common support. All estimates available from authors on request.
or imprecisely estimated. 27 If anything the point estimates are lower than those of OLS, suggesting that the endogeneity captured by the IV strategy is biasing the OLS estimates of poor health up.
Conclusion
It seems clear that the Chernobyl accident carries a long lasting legacy for many residents of the Ukraine notably because of its effect on the perception of their health. Adults living in areas considered to have received sufficiently high radiation fallout as to be continually monitored are up to 10 percentage points more likely to report being in poor health. However, there is a less obvious manifestation of such an effect on a variety specific self-reported health conditions. This suggests that the main long-term effect of Chernobyl for the majority of the current adult population may be working through perceptions. Moreover the establishment of monitoring zones appears to have had an exogenous effect on health perceptions so that this could be used to identify the effect of self-reported poor health on the probability of employment, wages or other activities that generate income and/or subsistence for the Ukrainian population. However the IV estimates of the effect of poor health are either insignificant or significant with confidence intervals around the estimates large enough to incorporate the OLS estimates. 
